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Stress or arousal responses to novel social contexts ease off when individuals get familiar
with the social context. In the present study we investigated whether oxytocin is involved
in this process of familiarization-habituation as oxytocin is known to increase trust and
decrease anxiety. Fifty-nine healthy female subjects took part in the same experimental
procedure in two sessions separated by 4 weeks. In the first (novelty) session state trust
scores were significantly positively correlated with salivary oxytocin levels while in the
second (familiarity) session state trust scores were significantly negatively correlated with
salivary oxytocin levels. In a path model oxytocin was associated with increased trust in the
novelty session and trust was associated with decreased oxytocin levels in the familiarity
session. The results are consistent with the idea that oxytocin decreases stress-to-novelty
responses by promoting familiarization to novel social contexts.
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INTRODUCTION
Stress and arousal responses to novel social contexts habitu-
ate when individuals get familiar with the social context (e.g.,
Tops et al., 2006a; Balodis et al., 2010). Building on the lit-
erature on the neuropeptide oxytocin and stress we proposed
that oxytocin facilitates this process through a “familiarization-
habituation response” (Tops et al., 2013a,b). In the present study,
we consider how this stress-habituation process is related to the
peripheral levels of oxytocin.
A review of the past 60 years of human oxytocin research con-
cluded that oxytocin reduces fear and induces feelings of calm
and trust, as well as endocrine and physiological changes (Ishak
et al., 2011). A central function of oxytocin may be to facili-
tate social encounters in novel environments and with unfamiliar
others by reducing uneasiness and anxiety (McCarthy, 1995).
Indeed, anxiolytic effects of oxytocin have been demonstrated in
a variety of species (Carter, 1998; Uvnäs-Moberg et al., 2005).
These effects occur both after exogenous oxytocin administra-
tion and after endogenous release (Neumann, 2008). Oxytocin
may facilitate habituation of stress responses. In other words, oxy-
tocin may enable familiarization-habituation responses to stress
as implied in social novelty. Oxytocin is, for example, released
in challenging situations that trigger coping efforts and anxiety,
including challenges of social evaluative stress (Pierrehumbert
et al., 2010; Jezova et al., 2013). Furthermore, social support fol-
lowing intense psychological stress can promote the release of
oxytocin while attenuating the physiological and behavioral stress
response toward a subsequent stressor in pair-bonded female
prairie voles (Smith and Wang, 2012). In humans, social support
increases peripheral oxytocin, attenuates the cortisol response
and increases calmness during psychosocial stress (Grewen et al.,
2005). Intranasal oxytocin treatments can potentiate these calm-
ing effects (Heinrichs et al., 2003; Quirin et al., 2011).
Oxytocin may thus be functionally involved in the habit-
uation to social challenge and novelty and, hence, oxytocin
responses may occur only as long as there has not been suffi-
cient habituation to the social stimulus or context (Danevova
et al., 2013). Illustrating this point, it was found that young
women who recently experienced a social conflict showed an oxy-
tocin response to a simulated confrontation with the transgressor
(Tabak et al., 2011). Although there was no mean increase in
oxytocin over all participants, a larger oxytocin response to the
confrontation was associated with low calmness and trust toward
the transgressor (measured immediately after the confrontation)
and low forgiveness of the transgressor. The correlations of the
oxytocin response to low calmness, trust and forgiveness suggest
an association with an unresolved conflict, responses to which
did not yet habituate. Similarly, Bick and Dozier (2010) found
that mothers displayed higher oxytocin levels when familiarizing
themselves with previously unknown children than when inter-
acting with their own children. Additional evidence that oxytocin
responses are associated with coping attempts that require for-
mation of trust, which in turn facilitates social stress habituation,
has been provided by Kéri and Kiss (2011). They showed that a
social challenge requiring trust, but not a cognitive challenge, was
associated with an increase in oxytocin levels. Moreover, only the
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oxytocin response to the trust challenge was associated with effi-
cient habituation of physiological arousal (Kéri and Kiss, 2011;
Kiss et al., 2011). As a last example, intranasal oxytocin increased
self-perceived trust only in participants who reported negative
mood after social rejection, which was interpreted as motivating
social support seeking (Cardoso et al., 2013).
Recent intranasal oxytocin application studies demonstrated
the involvement of oxytocin in interpersonal trust and coopera-
tion (see Bartz et al., 2011). For instance, when subjects interacted
with strangers, intranasal oxytocin reduced the fear of being
exploited and betrayed (Baumgartner et al., 2008) and increased
trust (Kosfeld et al., 2005). Intranasal oxytocin also increased self-
rated social trust, warmth and friendliness (Cardoso et al., 2012).
Underscoring the importance of familiarization/habituation, oxy-
tocin increased cooperation only when participants familiarized
themselves with their interaction partner (Declerck et al., 2010),
when protagonists were described as trustworthy (Mikolajczak
et al., 2010), or when protagonists belonged to one’s in-group
(De Dreu et al., 2010). In turn, higher trust predicts lower social
stress responses (Takahashi et al., 2005). Trust may be a social-
specific elaboration of more general mechanisms of habituation
and familiarization. We suggest that oxytocin increases sensitivity
to socially rewarding stimuli signaling that the social environment
allows for increases in trust.
Prior research has examined the familiarization-habituation
process using a two-session within-subject design. A typical find-
ing is that both positive and negative affect increased when sub-
jects were introduced to a novel social context at the start of the
first session, habituated during the course of this session, and they
were lower during a second session (Wirth et al., 2011; cf. Tops
andWijers, 2011). Similarly, hormonal mediators of stress coping
(cortisol and alpha-amylase) increased at first arrival and habit-
uated during the first session (Tops et al., 2006a; Balodis et al.,
2010). Moreover, individuals showing higher levels at arrival also
show larger decreases during the session (Tops et al., 2006a) and
larger hormonal and subjective anxiety responses to acute stres-
sors (Balodis et al., 2010), which implies that high levels at arrival
reflect a stress coping response. The increase in both positive and
negative affect, as well as indices of hormonal stress likely reflects
an active coping with a novel social context (Cardoso et al., 2013).
These affective and hormonal indicators of stress may become
down-regulated (i.e., habituate) when the social context turns
out to be sufficiently benign. As explained above, it seems plausi-
ble that this familiarization-habituation response is facilitated by
oxytocin (see also Tops et al., 2007a; Campbell, 2008).
According to the familiarization-habituation hypothesis,
active social coping responses to a novel but permissive context
are associated with elevated oxytocin levels and trust, producing
a positive correlation between oxytocin and trust. Moreover, sub-
jects who show increased trust no longer show elevated oxytocin
when encountering the context a second time. However, subjects
who do not show increased trust (which we assume is related
to smaller elevation of oxytocin at the first encounter) still need
to cope and therefore still show elevated oxytocin at the second
encounter. Although the subjects who do not show increased trust
show smaller elevation of oxytocin, the small elevation of oxy-
tocin in those subjects relative to no elevation in the subjects who
showed increased trust produces a negative correlation between
trust and oxytocin at the second encounter. In other words, higher
oxytocin levels may be associated with faster / greater familiariza-
tion. On the other hand, higher familiarity and trust lead to lower
levels of oxytocin.
In the present study, we investigated the role of oxytocin in the
familiarization-habituation process within a larger study focusing
primarily on the effects of experimentally manipulated oxytocin
on event-related potentials (ERPs; see Huffmeijer et al., 2013, for a
report). As part of this ERP research, participants completed two
identical experimental sessions that were scheduled 4 weeks apart.
During each session, we measured participants’ baseline sali-
vary oxytocin levels (i.e., before oxytocin administration) along
with participants’ experienced state trust, allowing us to examine
how naturally occurring oxytocin relates to the familiarization-
habituation response. Specifically, we expected that exposure to
the first experimental session (the “novelty session”) would lead
participants to experience an increase in feelings of uneasiness,
which would lead to an increase in oxytocin levels, which in turn
would be associated with higher levels of trust. Furthermore, we
expected that individuals who showed higher oxytocin and trust
during the novelty session would become habituated to the sit-
uation. Higher trust might thus be associated with a decrease in
oxytocin levels from the novelty session to the second session (the
“familiarity session”). In contrast, individuals who display lower
trust may show reduced habituation, because lower social trust
has been associated with decreased stress response (e.g., cortisol)
habituation (Kirschbaum et al., 1995; Pruessner et al., 1997).
MATERIALS AND METHODS
PARTICIPANTS
A total of 59 females undergraduate students took part in the
experiment. They were paid 50 Euros for participation. Two par-
ticipants completed only the first session. The final sample thus
consisted of 57 participants (aged 18–30 years, M = 20.51, SD =
2.90). Exclusion criteria were colorblindness, smoking, alcohol
and drug abuse, neurological and psychiatric disorders, preg-
nancy, breastfeeding, and use of medication (except oral contra-
ceptives, which was recorded as a background variable). The study
was approved by the research ethics committee of the Leiden
University Medical Center.
DESIGN AND PROCEDURE
Participants were asked to come to our laboratory for two iden-
tical experimental sessions, separated by approximately 4 weeks,
that included, among other assessments, an ERP experiment
(Huffmeijer et al., 2013) with double-blind administration of
oxytocin and placebo. The effects of nasal oxytocin application
are reported elsewhere (Huffmeijer et al., 2012, 2013). In the
present article, we present our findings for endogenous oxytocin
levels in saliva collected before spray application of each session.
To minimize influences of diurnal variations in oxytocin levels,
all sessions took place in the afternoon (starting between 12.00
and 15.00). Participants were instructed to abstain from alcohol
and excessive physical activity during the 24 h before the start
of each session, and from caffeine on the day the session took
place. Informed consent was obtained at the beginning of the
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first session. At the start of each session (t1), a saliva sample
was collected and participants self-reported state trust, as well
as calmness and uneasiness. Participants were then fitted with an
electrode net after which they completed an Eriksen flanker task
(Eriksen and Eriksen, 1974), with a short break halfway through.
Participants’ EEGwas acquired during performance of the flanker
task using 129-channel hydrocel geodesic sensor nets. The analy-
ses in the present paper only include the t1 measures. Halfway
through (approximately 1¼h after t1) and after completion of
an ERP experiment (approximately 2¼h after t1) saliva samples
were collected and participants again self-reported mood states.
The stressor–which we hypothesized would affect trust, calm-
ness, and uneasiness–consisted of social and non-social aspects
of the context of the experimental session. This context included
introduction to and interaction with the unfamiliar experimenter,
social uneasiness resulting from collecting saliva in the presence
of the experimenter, a certain level of intimacy because electrode
application requires some physical contact, and task performance.
Task performance that is not associated with personal outcomes
such as academic success, is mainly stressful because it triggers
social evaluative concerns (Dickerson and Kemeny, 2004). Even
non-social aspects of the novel context may trigger social cop-
ing such as responsivity to, or elicitation of, reassurance from the
experimenter. In the present study, session 1 (the novelty session)
and session 2 (the familiarity session) were identical in variables
including the identity of the experimenter, the location, time of
day, tasks, procedures, and measures.
STATE TRUST
To measure the state intensity of trust we adapted the Carstenson
Emotion Questionnaire (CEQ; Dywan et al., 2008). The CEQ was
adapted by Dywan et al. (2008) to a measure of the intensity in
which emotions are experienced. In the present study, the par-
ticipants were asked to rate how intensely they experienced trust,
calmness and uneasiness during the previous 10min on 7-point
rating scales (1 = “not very intense,” 7 = “very intense”).
SALIVARY OXYTOCIN
For each sample at least 1mL of unstimulated saliva was col-
lected into 1.8mL cryotubes using the passive drool method.
Samples were immediately frozen and were stored at −20◦
Centigrade until batch assay. Level of oxytocin in saliva was
assayed using a commercially available kit as per the method
previously described (Holt-Lunstad et al., 2008; Grewen et al.,
2010). Prior to the enzyme immunoassay procedure, in keeping
with the manufacturer’s strong recommendation, an extraction
step was performed based on instructions accompanying the EIA
kit currently available in February 2011 (ADI-900-153, Enzo Life
Science, Plymouth Meeting, PA). The result of this extraction
was to concentrate the sample 3.2 times, increase precision and
reduce matrix interference. Oxytocin extraction efficiency was
93%, which was determined by spiking with a known amount of
hormone and extracting this known amount along with the other
samples. Oxytocin levels in extracted saliva were then quantified
using the OT EIA, in which the endogenous oxytocin hormone
competes with added oxytocin linked to alkaline phosphatase for
oxytocin antibody binding sites. After overnight incubation at
4◦C., the excess reagents were washed away and the bound oxy-
tocin phosphatase was incubated with substrate. After 1 h this
enzyme reaction, which generates a yellow color, was stopped
and the optical density (OD) was read on a Sunrise plate reader
(Tecan, Research Triangle Park, NC). The intensity of the color at
405 nm is inversely proportional to the concentration of oxytocin.
The hormone content (in pg/mL) was determined by plotting
the intensity of OD of each sample against a standard curve.
Following correction for extraction, the lower limit of sensitivity
was 1.25 pg/mL. Less than 1% of the samples fell below the lower
level of sensitivity (4 out of 348). These values were subsequently
replaced with the lowest detectable level of 1.25 pg/mL. The intra-
and inter-assay coefficients of variation were 7.35 and 8.51%
respectively. The manufacturer has reported that cross-reactivity
with similar mammalian neuropeptides is less than 1%.
For one participant, one oxytocin value was considered an
outlier (z > 3.29) within its time point (t1) and condition. For
statistical analysis, this value was replaced with the highest value
occurring at that time point and condition among the remain-
ing participants. To normalize data distribution, we computed the
natural logarithm of the raw values.
STATISTICAL ANALYSES
Main analyses
All analyses were performed on baseline trust and endogenous
oxytocin levels before intranasal oxytocin application. The asso-
ciations between self-reported trust and oxytocin levels were
computed with Pearson correlations. State trust and oxytocin
levels were analyzed using General Linear Model (GLM) analy-
ses with session (novelty vs. familiarity) as within subject factor.
Partial eta squared (η2p) is reported as measure of effect size. We
estimated a path model using EQS (Bentler, 1995) to test whether
the data were consistent with our hypothesis that oxytocin in
the novelty session predicts higher state trust during that session,
which in turn predicts trust in the familiarity session, lowering
oxytocin in the familiarity session.
Control analyses
Analyses were also performed including use of oral contracep-
tives, phase of menstrual cycle, age and order of drug adminis-
tration as covariates. We show in the Results section that these
variables did not influence outcomes of the analyses, and we
report subsequent analyses without these covariates.
Intranasal oxytocin application effects are not the focus of
the present analyses, but it is conceivable that these applications
may have impacted upon state trust and for those subjects who
received oxytocin in the first session, effects may have carried over
to trust scores or salivary oxytocin responses at t1 in the second
session. Although a GLM analysis of state trust with condition
(oxytocin or placebo) and time point as within subject factors
and order of administration (placebo first or oxytocin first) as
between subjects factor, did not show trends for main effects of
condition or interactions with time, we present additional con-
trol analyses that rule out effects of intranasal oxytocin. There
were two orders of intranasal oxytocin administration. In order 1,
the subjects received placebo in the first session and oxytocin in
the second session. In order 2 this was the other way around. As
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we use only the oxytocin levels and the trust scores before nasal
oxytocin application, in order 1 all measurements were obtained
before the subjects received any oxytocin, eliminating any pos-
sibility of confounding by intranasal oxytocin. We present the
result of this analysis in the Results section. Significance of the
effect in order 1, along with similar results obtained in order 2
would show that the results are not confounded by nasal oxytocin
application. Moreover, this split-half analysis of similar results in
two independent randomized sub-groups tests the reliability of
the results.
To check the validity of our trust and oxytocin measures and
the interpretation of effects, we investigated whether they related
to changes in state calmness and uneasiness that suggest increased
habituation over sessions.
RESULTS
MAIN ANALYSES
Trust was higher in the novelty session (M = 4.32, SD = 1.51)
than in the familiarity session [M = 3.81, SD = 1.51; F(1, 56) =
5.72, p = 0.020, η2p = 0.093]. Trust correlated positively to sali-
vary oxytocin level in the novelty session (r = 0.29, p = 0.031),
but correlated negatively to salivary oxytocin in the familiar-
ity session (r = −0.31, p = 0.019). Including the mean state
trust over sessions (i.e., the mean of the session 1 and the
session 2 score) as a continuous predictor in the GLM analy-
sis of oxytocin levels showed that higher mean state trust was
associated with a decrease in oxytocin from the novelty (M =
1.91 pg/mL, SD = 0.62) to the familiarity session [M = 1.78,
SD = 0.58; r = −0.55, F(1, 55) = 24.26, p < 0.001, η2p = 0.306;
see Figure 1]. This pattern is consistent with the interpretation
FIGURE 1 | Scatterplot of the relationship between trust scores (mean
over both sessions) and the change in salivary oxytocin levels
(familiarity session minus novelty session). If our hypothesized model
(see Figure 2) is correct, than the same subjects who displayed high trust
and oxytocin in the novelty session, showed high trust and low oxytocin in
the familiarity session. This pattern may produce an association between
the mean trust over sessions and the decrease in oxytocin over sessions. If,
on the other hand, contrary to our hypothesis, the positive correlation
between trust and oxytocin in the novelty session is not displayed by the
same subset of subjects that displayed a negative correlation between trust
and oxytocin in the familiarity session, then a correlation between mean
trust and change in oxytocin is unlikely. Consistent with our hypothesis, the
scatterplot shows that the mean trust score correlated with a larger
decrease in oxytocin levels over sessions.
that (possibly oxytocin-induced) increased trust leads to lower
oxytocin response in the familiarity session. Inclusion as covari-
ates of the control variables, use of oral contraceptives, phase
of menstrual cycle, age and order of drug administration, only
slightly increased the association between state trust and the
change in oxytocin from the novelty to the familiarity session
(partial r = −0.59, p < 0.001). The raw (non-transformed) oxy-
tocin levels were 8.18 pg/mL (SD = 5.36) and 6.87 (SD = 3.75)
in the novelty and familiarity session, respectively.
SPLIT-HALF RELIABILITY AND RULING OUT INTRANASAL OXYTOCIN
EFFECTS
As explained above, the subjects were randomly allocated to two
orders of intranasal oxytocin administration. In order 1, the sub-
jects received placebo in the first session and oxytocin in the
second session. In order 2 this was the other way around. In
order 1, the correlation between mean trust scores at t1 and the
change in oxytocin level over sessions was r = −0.40, p = 0.040.
In order 2 this correlation is r = −0.52, p = 0.003. If we aggregate
the trust scores over the three measurement points within ses-
sions, the correlations are r = −0.56, p = 0.002 and r = −0.55,
p = 0.002, in order 1 and 2 respectively.
PATH MODEL
We estimated a path model using EQS (Bentler, 1995) to explore
whether the data are consistent with our hypothesis that oxytocin
in the novelty session positively influences state trust, which in
turn increases trust in the familiarity session, which in turn low-
ers oxytocin in the familiarity session. To account for individual
differences in basal oxytocin levels and in stress responses other
than successful familiarization-habituation we also included the
direct path from oxytocin level in the novelty session to oxy-
tocin level in the familiarity session. There were no problems with
non-normality or missing data. Figure 2 shows the path diagram.
All paths in the model are significant in the expected direction
(ps < 0.05). Despite a high root mean square error of approxima-
tion of 0.19, reasonable fit was indicated by indices of goodness
of global approximation, Chi-square = 5.902, df = 2, p > 0.05
and by the comparative fit index of 0.92. As shown in Table 1, the
covariance between oxytocin in the novelty session and trust in
the familiarity session displayed the largest (still relatively small)
residual. There was no indication that more parameters should
FIGURE 2 | Path diagram showing standardized path coefficients
(ps < 0.05).
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Table 1 | Correlations and residuals.
Oxytocin N Oxytocin F Trust N Trust F
Oxytocin N −0.074 0.0 0.173
Oxytocin F 0.210 −0.141 0.063
Trust N 0.290* −0.320* 0.0
Trust F 0.350** −0.310* 0.660***
Sample correlations are in lower triangle and residuals are in upper triangle.
An exact zero is represented by 0.0. N, novelty session; F, familiarity session.
*p < 0.05; **p < 0.01; ***p < 0.001.
be estimated or that parameters could be omitted (LMtest and
Wtest, respectively). In conclusion, this statistical model showed
reasonable fit with the data and with our theoretical model.
VALIDATION CHECK OF THE INTERPRETATION OF MEASURES AND
EFFECTS
To strengthen our case that our results reflect an association of
oxytocin and trust with habituation over sessions, we checked
whether, from the novelty to the familiarity session baselines,
trust and decreased oxytocin were increasingly associated with
calmness and decreasingly with uneasiness. Notably, both trust
(see above) and uneasiness [novelty:M = 2.53, SD = 1.32: famil-
iarity: M = 2.00, SD = 1.18; F(1, 56) = 10.50, p = 0.002, η2p =
0.158] were higher in the novelty session than the familiarity
session, and both correlated positively with saliva oxytocin level
in the novelty session (uneasiness: r = 0.38, p = 0.004). In the
novelty session, higher trust showed a similar association with
higher uneasiness as with higher calmness (r = 0.27 and r =
0.23, respectively), while in the familiarity session, higher trust
correlated strongly with higher calmness (r = 0.51, p < 0.001)
but not with uneasiness (r = 0.06, n.s.). Calmness decreased
from the novelty session (M = 5.00, SD = 1.22) to the famil-
iarity session [M = 4.58, SD = 1.22; F(1, 56) = 4.34, p = 0.042,
η2p = 0.072] and correlated negatively to oxytocin level only in
the familiarity session (r = −0.30, p = 0.022). Finally, including
the difference in calmness between sessions as continuous pre-
dictor in a GLM analysis of oxytocin levels showed that oxytocin
decreased from the novelty to the familiarity session [F(1, 55) =
3.99, p = 0.049, η2p = 0.068] and an increase in calmness pre-
dicted a decrease in oxytocin level [r = −0.31, F(1, 55) = 5.87,
p = 0.019, η2p = 0.096]. This pattern of relationships is consistent
with the hypothesis that oxytocin and trust are part of dynami-
cal processes that differ between the novelty and the familiarity
session: in the novelty session oxytocin and trust were associ-
ated with uneasiness and associated with, or increased by active
social coping processes (Cardoso et al., 2013), while in the famil-
iarity session trust reflected that social coping was successful and
allowed for calmness and habituation.
DISCUSSION
State trust and oxytocin levels were higher at arrival in the nov-
elty session than at arrival in the familiarity session. The decrease
in oxytocin from the novelty session to the familiarity corre-
lated with an increase in calmness. We suggest that in the novelty
session trust was increased by active social coping processes as
reflected in higher oxytocin levels, while in the familiarity session
trust reflected that social coping was successful and allowed for
calmness and habituation with decreased oxytocin levels. A path
model was consistent with the theoretical model that oxytocin
is associated with increased trust in the novelty session whereas
trust decreased oxytocin levels in the familiarity session. It should
be noted that our study was exploratory and needs to be repli-
cated in independent samples. However, in accordance with our
interpretation and theory (Tops et al., 2013a,b), previous studies
have found evidence suggesting that positive and negative affect
as well as hormonal mediators of stress coping are increased at
arrival in a novel context in the first session of an experiment,
habituate during that session, and are lower in a second session
(Kirschbaum et al., 1995; Pruessner et al., 1997; Kudielka et al.,
2006; Tops et al., 2006a; Balodis et al., 2010; Wirth et al., 2011).
Higher levels of positive and negative affect and of hormonal
mediators of stress coping at arrival in a novel social context may
reflect active coping responses that are aimed at acclimatization to
the new environment or social challenge. For instance, intranasal
oxytocin increased self-perceived trust only in participants who
reported negative mood after social rejection, which was inter-
preted as motivating social support seeking (Cardoso et al., 2013).
Similarly, in the novelty session of the present study, oxytocin,
trust and discomfort were mutually positively associated. In con-
trast, in the familiarity session, trust was associated with calmness
and lower oxytocin levels. Oxytocin and trust may facilitate social
exposure and confrontation (e.g., in the novelty session), which
in turn facilitates acclimatization to social environments (e.g., in
the familiarity session).
Stress coping hormones, including oxytocin (e.g., Sutherland
et al., 2012), corticotrophin releasing hormone and cortisol (see
Schulkin, 2011), are released under novelty conditions, when an
object or setting is unfamiliar, dangerous or potentially reward-
ing. At the same time, social attachment, resources and alliances
are implicated in the reduction of stress hormone secretion
(Schulkin, 2011). There are only few reports on oxytocin secre-
tion in humans in response to stress or novelty. In one such study,
an increase in oxytocin in response to uncontrollable noise was
found in women (not in men), and especially in women high
on emotionality (Sanders et al., 1990). Taylor et al. (2006) found
basal oxytocin levels of postmenopausal women to be higher in
those experiencing stress in their relationships with significant
partners. A third study found experimentally administered cor-
tisol to increase plasma oxytocin in female subjects. This process
was moderated by the subjects’ emotionality, with the capacity
to express emotions enhancing the oxytocin response to cortisol
(Tops et al., 2007b). A challenge that triggered anxiety increased
oxytocin in men (Jezova et al., 2013). By contrast, some studies
did not find an oxytocin response to a social evaluative stress chal-
lenge (Taylor et al., 2006; Cyranowski et al., 2008). However, those
last two studies were small and tested lactating or postmenopausal
women. By contrast, the only study that tested a larger group
of non-lactating, non-postpartum, premenopausal women (and
men) found a clear oxytocin response to a social evaluative stress
challenge (Pierrehumbert et al., 2010). It is important to note
that in this study the stress test was administered during the
third visit to the laboratory. This suggests that the subjects had
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the opportunity to habituate to the social context of the experi-
ment and oxytocin responses to novelty were less likely to mask
responses to the stress challenge.
The function of oxytocin in a familiarization-habituation
response may also explain results of studies that measured trust
behaviorally (e.g., through a “trust game”) or measured oxy-
tocin responses to a task requiring intimate trust (secret shar-
ing). Habituation of autonomic arousal predicted higher oxytocin
release during secret sharing, which the authors interpreted as
reflecting facilitation of habituation of autonomic arousal and
distress responses by oxytocin (Kéri and Kiss, 2011). In a study
measuring individual differences in a trust game, higher trust
related to lower oxytocin over most of the oxytocin range (Zhong
et al., 2012). In that study plasma samples were obtained in
a second session a few days after the trust game session, so
that oxytocin from the samples may have shown familiarization-
habituation effects. Notably, oxytocin may facilitate or consol-
idate habituation partly during sleep: only women with high
oxytocin levels showed an association between support from
friends and better sleep quality (Fekete et al., 2013) and sleep was
shown to promote inter-session habituation to emotional stimuli
(Pace-Schott et al., 2011).
A combination of oxytocin and support appears to be most
effective in increasing calmness and decreasing anxiety during
stressful social situations (Heinrichs et al., 2003). It has been sug-
gested before that oxytocin may be involved in social aspects of
stress coping, i.e., in a “calm and connection” response (Uvnäs-
Moberg et al., 2005; cf. Carter, 1998) or a “tend-and-befriend”
response (Taylor et al., 2000). In the calm and connection model
the oxytocin response is interpreted as a beneficial response to
positive social cues, whereas it is less appreciated that oxytocin
may be implicated in a stress (coping) response. The interpre-
tation of oxytocin secretion as a tend-and-befriend response is
restricted in its scope, as this response is believed to be only
displayed by women, and to involve stress-induced motivation
to seek support from already familiar same-sex friends (Taylor
et al., 2000). However, we suggested that the familiarization-
habituation response is likely to be a general stress coping
response facilitating familiarization to novel but permissive social
contexts (Tops et al., 2013a,b). The drive to increase familiarity
(hypothesized to be stimulated by oxytocin) may of course also
stimulate support-seeking from familiar friends. As only young-
adult women participated in the current study, future studies
need to determine whether men and individuals from different
age groups show similar familiarization-habituation responses as
compared to young women, and whether such a response may
under some conditions facilitate alliance formation (i.e., a tend-
and-befriend or “familiarization-habituation-alliance response”).
A familiarization-habituation response may be essential in sus-
taining good health, because a lack of stress response habituation
to social contexts would be associated with sustained or repeated
physiological costs from stress systems activation, leading to
exhaustion and physical health symptoms (Kirschbaum et al.,
1995; Kudielka et al., 2006).
Measuring oxytocin from saliva has only recently been val-
idated. Studies have shown that oxytocin levels and ranges
were similar in saliva and plasma, concurrently sampled plasma
and salivary oxytocin were positively correlated at different
time points before and after experimental manipulations, and
responded similar to those manipulations (Holt-Lunstad et al.,
2008; White-Traut et al., 2009; Grewen et al., 2010; Feldman
et al., 2011; Hoffman et al., 2012). For studying the involve-
ment of oxytocin in the familiarization-habituation response the
use of salivary oxytocin may be crucial, because it prevents the
non-social, physiological stress of venipuncture to obtain plasma
samples from disrupting the habituation process. Likewise, the
time needed for oxytocin (as well as other hormonal) levels to
return to baseline after application of an intravenous catheter may
interfere with the novelty of the social context at first blood sam-
pling. Although peripheral oxytocin levels may not reflect central
levels and oxytocin mostly does not cross the blood-brain bar-
rier, peripheral oxytocin levels are primarily centrally controlled
and there are other routes, such as via the nerves vagus, through
which peripheral oxytocin levels feedback upon central processes
(see Zhang and Cai, 2011; Churchland and Winkielman, 2012).
Recently, concerns have been formulated that more than only
oxytocin molecules are being identified as oxytocin in the current
assays (Szeto et al., 2011; McCullough et al., 2013). These other
molecules “may represent oxytocin-degradation products and
thus may reflect the circulating levels of the peptide, but further
studies are needed to evaluate this possibility” (McCullough et al.,
2013). Nevertheless, our method (commercial EIA with extrac-
tion) is regarded superior to the currently available RIA assays,
and to EIA without extraction (Szeto et al., 2011; McCullough
et al., 2013). Our method results in oxytocin levels similar to
the RIA with extraction used in the 1970s and 1980s (reviewed
in McCullough et al., 2013). McCullough et al. (2013) describe
these older measurements as independently validated and yield-
ing consistent results in plasma of oxytocin levels <10 pg/mL
in healthy adult humans. Despite the need for further valida-
tion, our method may be the best available for most researchers
who do not have the ability to perform extraction followed by
two-dimensional liquid chromatography separation with tan-
dem mass spectrometry detection (as in Zhang et al., 2011).
A recent study that applied microdialysis measurement in the
brain showed increased oxytocin in extracellular fluid in brain
areas (hippocampus and amygdala) in response to intranasal
oxytocin, and there were parallel increases in plasma oxytocin,
providing evidence that oxytocin reaching behaviorally relevant
brain areas is paralleled by changes in plasma oxytocin (Neumann
et al., 2013). Intranasal oxytocin also increased oxytocin levels
in saliva (Huffmeijer et al., 2012; Van IJzendoorn et al., 2012;
Weisman et al., 2012). Although McCullough et al. suggest that
increases of oxytocin in saliva after intranasal administration
could be the result of “dripping back into the mouth of parts of
the sniffs of oxytocin,” this is very unlikely, since, if this is the case,
the increase should be strongest directly after intranasal appli-
cation, rather than peaking at 45–60min after administration
(Weisman et al., 2012).
Reliability of peripheral hormone levels as an individual differ-
ences measure is usually determined from the positive association
between repeated measures. However, the individuals who dis-
played high trust in the present study actually showed higher
oxytocin levels in the novelty session but lower levels in the
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familiarity session compared to the individuals who showed lower
trust levels. These results suggest that affective, anticipatory and
behavioral responses to social context are involved in the reg-
ulation of hormone levels (Tops et al., 2006b; Schulkin, 2011),
and that such context dependency, and especially the associa-
tion with novelty and familiarity in repeated measures, should be
taken into account when determining reliability (Pruessner et al.,
1997). Moreover, the current study illustrates that correlations
between trust and oxytocin can either be interpreted in two ways.
First, high levels of trust reduce the need for oxytocin induced
coping responses, so high trust leads to low levels of oxytocin.
Second, high levels of oxytocin facilitate trust, so high oxytocin
leads to high levels of trust. These seemingly opposite associations
(indicating a negative feedback loop) between oxytocin and trust
require authors to be specific about what kind of causal pathway
they test/predict1.
In conclusion, the present results support the theory that
oxytocin is involved in familiarization-habituation responses to
novel social contexts or contexts to which the individual did not
(yet) successfully acclimatize (Tops et al., 2013a,b). Moreover, we
speculate that a history of successful familiarization-habituation
responses may generalize to similar or other benign contexts,
and may become associated with supportive attachment figures
through oxytocin. This may explain the positive associations in
1We thank a reviewer for this suggestion.
the literature between peripheral oxytocin and social distress,
partner support and stress coping (e.g., Grewen et al., 2005; Light
et al., 2005; Tops et al., 2007a; Holt-Lunstad et al., 2011). The
familiarization-habituation response may be essential for main-
taining good health by limiting the exposure to physiologically
costly stress coping responses.
AUTHOR CONTRIBUTIONS
Mattie Tops conceived of the study, analyzed the data and
wrote the manuscript. Mariëlle Linting analyzed data. Renske
Huffmeijer performed the study. All authors reviewed and con-
tributed to the manuscript and contributed to conceiving the
study.
ACKNOWLEDGMENTS
For reprints contact Mattie Tops, VU University Amsterdam,
Department of Clinical Psychology, van der Boechorststraat
1, NL-1081 BT Amsterdam, the Netherlands. m.tops@vu.nl.
Mattie Tops, Marian J. Bakermans-Kranenburg and Marinus
H. van IJzendoorn were supported by research awards from
the Netherlands Organization for Scientific Research (NWO;
www.nwo.nl; Mattie Tops: VENI grant no. 451-07-013; Marinus
H. van IJzendoorn: NWO SPINOZA prize; Marian J. Bakermans-
Kranenburg: VIDI grant no. 452-04-306; VICI grant no. 453-09-
003). The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.
REFERENCES
Balodis, I. M., Wynne-Edwards,
K. E., and Olmstead, M. C.
(2010). The other side of the
curve: examining the relationship
between pre-stressor physiological
responses and stress reactivity.
Psychoneuroendocrinology 35,
1363–1373. doi: 10.1016/j.psy
neuen.2010.03.011
Bartz, J. A., Zaki, J., Bolger, N., and
Ochsner, K. N. (2011). Social effects
of oxytocin in humans: context
and person matter. Trends Cogn.
Sci. 15, 301–309. doi: 10.1016/j.tics.
2011.05.002
Baumgartner, T., Heinrichs, M.,
Vonlanthen, A., Fischbacher, U.,
and Fehr, E. (2008). Oxytocin
shapes the neural circuitry of trust
and trust adaptation in humans.
Neuron 58, 639–650. doi: 10.1016/j.
neuron.2008.04.009
Bentler, P. M. (1995). EQS Structural
Equations Programs Manual.
Encino, CA: Multivariate Software,
Inc.
Bick, J., and Dozier, M. (2010).
Mothers’ and children’s concentra-
tions of oxytocin following close,
physical interactions with biological
and non-biological children. Dev.
Psychobiol. 52, 100–107. doi: 10.
1002/dev.20411
Campbell, A. (2008). Attachment,
aggression and affiliation: the role
of oxytocin in female social behav-
ior. Biol. Psychol. 77, 1–10. doi: 10.
1016/j.biopsycho.2007.09.001
Cardoso, C., Ellenbogen, M. A.,
and Linnen, A. M. (2012). Acute
intranasal oxytocin improves
positive self-perceptions of per-
sonality. Psychopharmacology 220,
741–749. doi: 10.1007/s00213-011-
2527-6
Cardoso, C., Ellenbogen, M. A.,
Serravalle, L., and Linnen, A. M.
(2013). Stress-induced negative
mood moderates the relation
between oxytocin administra-
tion and trust: evidence for the
tend-and-befriend response to
stress? Psychoneuroendocrinology.
doi: 10.1016/j.psyneuen.2013.05.
006. [Epub ahead of print].
Carter, C. S. (1998). Neuroendocrine
perspectives on social attachment
and love. Psychoneuroendocrinology
23, 779–818. doi: 10.1016/S0306-
4530(98)00055-9
Churchland, P. S., and Winkielman, P.
(2012). Modulating social behavior
with oxytocin: how does it work?
What does it mean? Horm. Behav.
61, 392–399. doi: 10.1016/j.yhbeh.
2011.12.003
Cyranowski, J. M., Hofkens, T. L.,
Frank, E., Seltman, H., Cai, H. M.,
and Amico, J. A. (2008). Evidence
of dysregulated peripheral oxytocin
release among depressed women.
Psychosom. Med. 70, 967–975. doi:
10.1097/PSY.0b013e318188ade4
Danevova, V., Kvetnansky, R., and
Jezova, D. (2013). Kinetics of oxy-
tocin response to repeated restraint
stress and/or chronic cold exposure.
Horm. Metab. Res. doi: 10.1055/
s-0033-1348265. [Epub ahead of
print].
De Dreu, C. K., Greer, L. L., Handgraaf,
M. J., Shalvi, S., Van Kleef, G.
A., Baas, M., et al. (2010). The
neuropeptide oxytocin regulates
parochial altruism in intergroup
conflict among humans. Science
328, 1408–1411. doi: 10.1126/
science.1189047
Declerck, C. H., Boone, C., and
Kiyonari, T. (2010). Oxytocin and
cooperation under conditions of
uncertainty: the modulating role of
incentives and social information.
Horm. Behav. 57, 368–374. doi: 10.
1016/j.yhbeh.2010.01.006
Dickerson, S. S., and Kemeny, M. E.
(2004). Acute stressors and cortisol
responses: a theoretical integration
and synthesis of laboratory research.
Psychol. Bull. 130, 355–391. doi: 10.
1037/0033-2909.130.3.355
Dywan, J., Mathewson, K. J., Choma,
B.L., Rosenfeld, B., and Segalowitz,
S. J. (2008). Autonomic and
electrophysiological correlates of
emotional intensity in older and
younger adults. Psychophysiology
45, 389–397. doi: 10.1111/j.1469-
8986.2007.00637.x
Eriksen, B. A., and Eriksen, C. W.
(1974). Effects of noise letters upon
the identification of target letters in
visual search. Percept. Psychophys.
16, 142–149. doi: 10.3758/BF03
203267
Fekete, E. M., Seay, J., Antoni, M.
H., Mendez, A. J., Fletcher, M. A.,
Szeto, A., et al. (2013). Oxytocin,
social support, and sleep quality
in low-income minority women
living with HIV. Behav. Sleep
Med. doi: 10.1080/15402002.2013.
791297. [Epub ahead of print].
Feldman, R., Gordon, I., and Zagoory-
Sharon, O. (2011). Maternal and
paternal plasma, salivary, and uri-
nary oxytocin and parent-infant
synchrony: considering stress and
affiliation components of human
bonding. Dev. Sci. 14, 752–761. doi:
10.1111/j.1467-7687.2010.01021.x
Grewen, K. M., Davenport, R. E.,
and Light, K. C. (2010). An inves-
tigation of plasma and salivary
oxytocin responses in breast-
and formula-feeding mothers
of infants. Psychophysiology 47,
625–632.
Grewen, K. M., Girdler, S. S., Amico,
J., and Light, K. C. (2005). Effects
of partner support on resting oxy-
tocin, cortisol, norepinephrine, and
blood pressure before and after
www.frontiersin.org October 2013 | Volume 4 | Article 761 | 7
Tops et al. Familiarization-habituation oxytocin
warm partner contact. Psychosom.
Med. 67, 531–538. doi: 10.1097/01.
psy.0000170341.88395.47
Heinrichs, M., Baumgartner, T.,
Kirschbaum, C., and Ehlert, U.
(2003). Social support and oxytocin
interact to suppress cortisol and
subjective responses to psychoso-
cial stress. Biol. Psychiatry 54,
1389–1398. doi: 10.1016/S0006-
3223(03)00465-7
Hoffman, E. R., Brownley, K. A.,
Hamer, R. M., and Bulik, C. M.
(2012). Plasma, salivary, and
urinary oxytocin in anorexia ner-
vosa: a pilot study. Eat. Behav. 13,
256–259. doi: 10.1016/j.eatbeh.
2012.02.004
Holt-Lunstad, J., Birmingham, W.
A., and Light, K. C. (2008). The
influence of a “warm touch”
support enhancement interven-
tion among married couples on
ambulatory blood pressure, oxy-
tocin, alpha amylase and cortisol.
Psychosom. Med. 70, 976–985. doi:
10.1097/PSY.0b013e318187aef7
Holt-Lunstad, J., Birmingham, W., and
Light, K. C. (2011). The influence
of depressive symptomatology and
perceived stress on plasma and
salivary oxytocin before, during and
after a support enhancement inter-
vention. Psychoneuroendocrinology
36, 1249–1256. doi: 10.1016/
j.psyneuen.2011.03.007
Huffmeijer, R., Alink, L. R., Tops,
M., Grewen, K. M., Light, K. C.,
Bakermans-Kranenburg, M. J., et al.
(2012). Salivary levels of oxytocin
remain elevated for more than
two hours after intranasal oxytocin
administration. Neuro Endocrinol.
Lett. 33, 21–25.
Huffmeijer, R., Tops, M., Alink, L.
R., Grewen, K. M., Light, K. C.,
Bakermans-Kranenburg, M. J., et al.
(2013). The impact of oxytocin
administration and maternal love
withdrawal on event-related poten-
tial (ERP) responses to emotional
faces with performance feedback.
Horm. Behav. 63, 399–410. doi:
10.1016/j.yhbeh.2012.11.008
Ishak, W. W., Kahloon, M., and Fakhry,
H. (2011). Oxytocin role in enhanc-
ing well-being: a literature review.
J. Affect. Disord. 130, 1–9. doi: 10.
1016/j.jad.2010.06.001
Jezova, D., Hlavacova, N., Makatsori,
A., Duncko, R., Loder, I., and
Hinghofer-Szalkay, H. (2013).
Increased anxiety induced by
listening to unpleasant music dur-
ing stress exposure is associated
with reduced blood pressure and
ACTH responses in healthy men.
Neuroendocrinology. doi: 10.1159/
000354202. [Epub ahead of print].
Kéri, S., and Kiss, I. (2011). Oxytocin
response in a trust game and
habituation of arousal. Physiol.
Behav. 102, 221–224. doi: 10.1016/j.
physbeh.2010.11.011
Kirschbaum, C., Prüssner, J. C., Stone,
A. A., Federenko, I., Gaab, J., Lintz,
D., et al. (1995). Persistent high cor-
tisol responses to repeated psycho-
logical stress in a subpopulation of
healthy men. Psychosom. Med. 57,
468–474.
Kiss, I., Levy-Gigi, E., and Kéri,
S. (2011). CD 38 expression,
attachment style and habitua-
tion of arousal in relation to
trust-related oxytocin release.
Biol. Psychol. 88, 223–226. doi:
10.1016/j.biopsycho.2011.08.005
Kosfeld, M., Heinrichs, M., Zak, P.
J., Fischbacher, U., and Fehr, E.
(2005). Oxytocin increases trust in
humans. Nature 435, 673–676. doi:
10.1038/nature03701
Kudielka, B. M., von Känel, R., Preckel,
D., Zgraggen, L., Mischler, K., and
Fischer, J. E. (2006). Exhaustion
is associated with reduced habitu-
ation of free cortisol responses to
repeated acute psychosocial stress.
Biol. Psychol. 72, 147–153. doi:
10.1016/j.biopsycho.2005.09.001
Light, K. C., Grewen, K.M., and Amico,
J. A. (2005). More frequent part-
ner hugs and higher oxytocin levels
are linked to lower blood pressure
and heart rate in premenopausal
women. Biol. Psychol. 69, 5–21. doi:
10.1016/j.biopsycho.2004.11.002
McCarthy, M. M. (1995). Estrogen
modulation of oxytocin and its rela-
tion to behavior. Adv. Exp. Med.
Biol. 395, 235–245.
McCullough, M. E., Churchland, P.
S., and Mendez, A. J. (2013).
Problems with measuring periph-
eral oxytocin: can the data on
oxytocin and human behavior be
trusted? Neurosci. Biobehav. Rev.
37, 1485–1492. doi: 10.1016/j.neu
biorev.2013.04.018
Mikolajczak, M., Gross, J. J., Lane,
A., Corneille, O., de Timary, P.,
and Luminet, O. (2010). Oxytocin
makes people trusting, not gullible.
Psychol. Sci. 21, 1072–1074. doi: 10.
1177/0956797610377343
Neumann, I. D. (2008). Brain oxytocin:
a key regulator of emotional and
social behaviours in both females
and males. J. Neuroendocrinol.
20, 858–865. doi: 10.1111/j.1365-
2826.2008.01726.x
Neumann, I. D., Maloumby, R.,
Beiderbeck, D. I., Lukas, M., and
Landgraf, R. (2013). Increased
brain and plasma oxytocin after
nasal and peripheral admin-
istration in rats and mice.
Psychoneuroendocrinology. 38,
1985–1993. doi: 10.1016/j.
psyneuen.2013.03.003
Pace-Schott, E. F., Shepherd, E.,
Spencer, R. M., Marcello, M.,
Tucker, M., Propper, R. E., et al.
(2011). Napping promotes inter-
session habituation to emotional
stimuli. Neurobiol. Learn. Mem.
95, 24–36. doi: 10.1016/j.nlm.2010.
10.006
Pierrehumbert, B., Torrisi, R., Laufer,
D., Halfon, O., Ansermet, F.,
and Beck Popovic, M. (2010).
Oxytocin response to an exper-
imental psychosocial challenge
in adults exposed to traumatic
experiences during childhood or
adolescence. Neuroscience 166,
168–177. doi: 10.1016/j.
neuroscience.2009.12.016
Pruessner, J. C., Gaab, J., Hellhammer,
D. H., Lintz, D., Schommer, N., and
Kirschbaum, C. (1997). Increasing
correlations between personality
traits and cortisol stress responses
obtained by data aggregation.
Psychoneuroendocrinology 22,
615–625. doi: 10.1016/S0306-4530
(97)00072-3
Quirin, M., Kuhl, J., and Düsing, R.
(2011). Oxytocin buffers cortisol
responses to stress in individuals
with impaired emotion regulation
abilities. Psychoneuroendocrinology
36, 898–904. doi: 10.1016/j.
psyneuen.2010.12.005
Sanders, G., Freilicher, J., and
Lightman, S. L. (1990).
Psychological stress of expo-
sure to uncontrollable noise
increases plasma oxytocin in high
emotionality women. Psychoneuro-
endocrinology 15, 47–58. doi: 10.
1016/0306-4530(90)90046-C
Schulkin, J. (2011). Social allostasis:
anticipatory regulation of the inter-
nal milieu. Front. Evol. Neurosci.
2:111. doi: 10.3389/fnevo.2010.
00111
Smith, A. S., and Wang, Z. (2012).
Salubrious effects of oxytocin
on social stress-induced deficits.
Horm. Behav. 61, 320–330. doi:
10.1016/j.yhbeh.2011.11.010
Sutherland, M. A., Rogers, A. R., and
Verkerk, G. A. (2012). The effect of
temperament and responsiveness
towards humans on the behavior,
physiology and milk production
of multi-parous dairy cows in a
familiar and novel milking envi-
ronment. Physiol. Behav. 107,
329–337. doi:
10.1016/j.physbeh.2012.07.013
Szeto, A., McCabe, P. M., Nation, D.
A., Tabak, B. A., Rossetti, M. A.,
McCullough, M. E., et al. (2011).
Evaluation of enzyme immunoassay
and radioimmunoassay methods
for the measurement of plasma
oxytocin. Psychosom. Med. 73,
393–400. doi: 10.1097/PSY.0b013e3
1821df0c2
Tabak, B. A., McCullough, M. E.,
Szeto, A., Mendez, A. J., and
McCabe, P. M. (2011). Oxytocin
indexes relational distress following
interpersonal harms in women.
Psychoneuroendocrinology 36,
115–122. doi: 10.1016/j.psyneuen.
2010.07.004
Takahashi, T., Ikeda, K., Ishikawa,
M., Kitamura, N., Tsukasaki,
T., Nakama, D., et al. (2005).
Interpersonal trust and social
stress-induced cortisol elevation.
Neuroreport 16, 197–199. doi: 10.
1097/00001756-200502080-00027
Taylor, S. E., Gonzaga, G. C., Klein, L.
C., Hu, P., Greendale, G. A., and
Seeman, T. E. (2006). Relation of
oxytocin to psychological stress
responses and hypothalamic-
pituitary-adrenocortical axis
activity in older women. Psychosom.
Med. 68, 238–245. doi: 10.1097/01.
psy.0000203242.95990.74
Taylor, S. E., Klein, L. C., Lewis, B.
P., Gruenewald, T. L., Gurung, R.
A., and Updegraff, J. A. (2000).
Biobehavioral responses to stress
in females: tend-and-befriend, not
fight-or-flight. Psychol. Rev. 107,
411–429. doi: 10.1037/0033-295X.
107.3.411
Tops, M., and Wijers, A. A. (2011).
Session effects and state-dependent
context effects on cortisol-
induced emotional responses.
Psychoneuroendocrinology 36,
1097–1099. doi: 10.1016/j.
psyneuen.2011.03.021
Tops, M., Boksem, M. A. S., Wester, A.
E., Lorist, M. M., and Meijman, T.
F. (2006a). Task engagement and
the relationships between the error-
related negativity, agreeableness,
behavioral shame proneness and
cortisol. Psychoneuroendocrinology
31, 847–858. doi: 10.1016/j.
psyneuen.2006.04.001
Tops, M., van Peer, J. M., Wester, A. E.,
Wijers, A. A., and Korf, J. (2006b).
State-dependent regulation of
cortical activity by cortisol: an
EEG study. Neurosci. Lett. 404,
39–43. doi:
10.1016/j.neulet.2006.05.038
Tops, M., Buisman-Pijlman, F. T. A.,
and Carter, C. S. (2013a). “Oxytocin
and attachment facilitate a shift
from seeking novelty to recognizing
and preferring familiarity: the key
to increasing resilience?” in The
Resilience Handbook: Approaches
to Stress and Trauma, eds. M.
Kent, M. C. Davis, and J. W. Reich
Frontiers in Psychology | Cognition October 2013 | Volume 4 | Article 761 | 8
Tops et al. Familiarization-habituation oxytocin
(London: Routledge Publishers),
115–130.
Tops, M., Koole, S. L., IJzerman, H.,
and Buisman-Pijlman, F. T. A.
(2013b). Why social attachment
and oxytocin protect against addic-
tion and stress: insights from the
dynamics between ventral and
dorsal corticostriatal systems.
Pharmacol. Biochem. Behav. doi:
10.1016/j.pbb.2013.07.015. [Epub
ahead of print].
Tops, M., van Peer, J. M., Korf,
J., Wijers, A. A., and Tucker,
D. M. (2007a). Anxiety, cor-
tisol and attachment predict
plasma oxytocin levels in healthy
females. Psychophysiology 44,
444–449. doi: 10.1111/j.1469-8986.
2007.00510.x
Tops, M., van Peer, J. M., and Korf,
J. (2007b). Individual differences
in emotional expressivity predict
oxytocin responses to cortisol
administration: relevance to
breast cancer? Biol. Psychol. 75,
119–123. doi: 10.1016/j.biopsycho.
2007.01.001
Uvnäs-Moberg, K., Arn, I., and
Magnusson, D. (2005). The psy-
chobiology of emotion: the role
of the oxytocinergic system. Int.
J. Behav. Med. 12, 59–65. doi:
10.1207/s15327558ijbm1202_3
Van IJzendoorn, M. H., Bhandari, R.,
van der Veen, R., Grewen, K. M.,
and Bakermans-Kranenburg, M.
J. (2012). Elevated salivary levels
of oxytocin persist more than
7h after intranasal administra-
tion. Front. Neurosci. 6:174. doi:
10.3389/fnins.2012.00174
Weisman, O., Zagoory-Sharon,
O., and Feldman, R. (2012).
Intranasal oxytocin adminis-tration
is reflected in human saliva.
Psychoneuroendocrinology 37,
1582–1586. doi: 10.1016/j.
psyneuen.2012.02.014
White-Traut, R., Watanabe, K.,
Pournajafi-Nazarloo, H., Schwertz,
D., Bell, A., and Carter, C. S. (2009).
Detection of salivary oxytocin levels
in lactating women. Dev. Psychobiol.
51, 367–373. doi: 10.1002/dev.20376
Wirth, M. M., Scherer, S. M., Hoks, R.
M., and Abercrombie, H. C. (2011).
The effect of cortisol on emotional
responses depends on order of
cortisol and placebo administra-
tion in a within-subject design.
Psychoneuroendocrinology 36,
945–954. doi: 10.1016/j.psyneuen.
2010.11.010
Zhang, G., and Cai, D. (2011).
Circadian intervention of
obesity development via resting-
stage feeding manipulation or
oxytocin treatment. Am. J.
Physiol. Endocrinol. Metab. 301,
E1004–E1012. doi: 10.1152/
ajpendo.00196.2011
Zhang, G., Zhanga, Y., Fast, D.
M., Lin, Z., and Steenwyk, R.
(2011). Ultra sensitive quantita-
tion of endogenous oxytocin
in rat and human plasma
using a two-dimensionalliquid
chromatography-tandem mass
spectrometry assay. Anal.
Biochem. 416, 45–52. doi:
10.1016/j.ab.2011.04.041
Zhong, S., Monakhov, M., Mok, H.
P., Tong, T., Lai, P. S., Chew, S. H.,
et al. (2012). U-shaped relation
between plasma oxytocin levels and
behavior in the trust game. PLoS
ONE 7:e51095. doi: 10.1371/jour-
nal.pone.0051095
Conflict of Interest Statement: The
authors declare that the research
was conducted in the absence
of any commercial or finan-
cial relationships that could be
construed as a potential conflict of
interest.
Received: 09 July 2013; accepted: 29
September 2013; published online: 18
October 2013.
Citation: Tops M, Huffmeijer R, Linting
M, Grewen KM, Light KC, Koole SL,
Bakermans-Kranenburg MJ and van
IJzendoorn MH (2013) The role of
oxytocin in familiarization-habituation
responses to social novelty. Front.
Psychol. 4:761. doi: 10.3389/fpsyg.
2013.00761
This article was submitted to Cognition,
a section of the journal Frontiers in
Psychology.
Copyright © 2013 Tops, Huffmeijer,
Linting, Grewen, Light, Koole,
Bakermans-Kranenburg and van
IJzendoorn. This is an open-access
article distributed under the terms of
the Creative Commons Attribution
License (CC BY). The use, distribution
or reproduction in other forums is per-
mitted, provided the original author(s)
or licensor are credited and that the
original publication in this journal
is cited, in accordance with accepted
academic practice. No use, distribution
or reproduction is permitted which does
not comply with these terms.
www.frontiersin.org October 2013 | Volume 4 | Article 761 | 9
